INTRODUCTION
Segmented fault systems ( Fig. 1) are commonly observed on all scales, with measurements of cumulative displacement being the key factor between a coherent structure, which displaces similar to an isolated fault, or segment linkage showing high displacement variance along strike (e.g. Walsh and Watterson, 1988; Peacock and Sanderson, 1991) . The growth of normal fault systems can be described using the 'isolated fault model ' (Fig. 1a.) , where by isolated fault tip lines radially propagate, overlap and eventually link (e.g. Walsh and Watterson, 1988; Trudgill and Cartwright, 1994) . In the 'isolated fault model' (Fig. 1a) , faults will generally display a linear relationship between lateral tip-line propagation and accumulated displacement (Walsh and Watterson, 1988; Trudgill and Cartwright, 1994; Dawers and Anders, 1995; Huggins et al. 1995; Cartwright et al. 1995; Mansfield and Cartwright, 2001 ). An alternative is the segmented 'coherent fault model' (Fig. 1b.) , which involves growth with rapid fault length establishment prior to substantial displacement, creating minimal displacement deficit between fault segments, generating the appearance of one isolated fault on displacementdistance plots (Walsh et al. 2002; Childs et al. 2003 ).
The majority of previous studies favour the 'isolated fault model' (references above). However, a growing pool of studies attest to the validity of the 'coherent fault model' (Walsh et al. 2002; Childs et al. 2003; Giba et al. 2012; Jackson and Rotevatn, 2013) . This study addresses both models with regards to a shale-detached listric fault system located at an extensional delta top. Normal fault growth can also be determined vertically, with variations of throw inconsistent with the models of uniform slip distribution and radial propagation, implying linkage in the dip direction, known as dip-linkage (Mansfield and Cartwright, 1996; Rykkelid and Fossen, 2002; Baudon and Cartwright, 2008; Jackson and Rotevatn, 2013) .
The Ceduna Sub-Basin (Fig. 2) is of Middle Jurassic to Upper Cretaceous age, with a shale detachment in the late Albian interval, creating a gravity-driven extensional delta top compensated down-dip by a delta deepwater fold-thrust belt (Totterdell et al, 2000) . The Ceduna Sub-Basin contains two delta systems of differing structural style aged Cenomanian and CampanianMaastrichtian (Totterdell et al. 2000) . The Cenomanian delta system covers the western and central Ceduna Sub-Basin and the CampanianMaastrichtian Delta system covers the central and eastern portions (Totterdell et al. 2000) . This study is located at the delta top, in the overlap zone of the two delta systems, characterised by intermittent listric fault growth since the Cenomanian. We use 3D seismic reflection data ( Fig. 2; 3 ) to establish which model explains the growth history of these listric faults using two methods: [1] displacementdistance plots and displacement backstripping; and
ABSTRACT
We use three-dimensional (3D) seismic reflection data to determine the structural evolution of thin-skinned listric fault growth, at the extensional top of a gravitationally driven delta system, in the central Ceduna Sub-Basin. We present analysis of a strike and dip-linked extensional fault system, which is decoupled at the base of a marine mud interval of late Albian age. The fault system is oriented NW-SE with strike-linkage of fault segments and dip-linkage through the Santonian interval which connects a Cenomanian-Santonian period of kilometre scale fault growth and post-Santonian normal faulting. Understanding the growth of listric faulting requires quantifying heave and throw, which involves simplistic depth conversion of fault plane time measurements to establish a fault plane model to translate throw into fault plane displacement. Our analysis constrains fault growth into six evolutionary stages: The structural evolution of this fault system is compatible with the 'isolated fault model'. In particular, we emphasise the importance of dip-linkage in this fault system, which controls the present day geometry of the fault array.
[2] displacement-depth plots. We have identified two vertically connected fault systems of differing structural style, of Cenomanian-Santonian and post-Santonian age. We observe post-Santonian fault growth via independent normal faulting and eventual dip-linkage with the CenomanianSantonian listric fault system. Both fault systems have initial highly variable displacement along strike, indicative of growth via the 'isolated fault model' (Fig. 1a. ) creating hard-linkage of five fault segments along strike (Fig. 3) . 
DATA SET AND METHODOLOGY
This study uses a three dimensional (3D) seismic reflection survey (Fig. 2) covering an area of c. 1245 km 2 from the central Ceduna Sub-Basin. Seven key horizons have been mapped through the 3D survey, with ties via 2D seismic data to wells Potoroo-1 and Gnarlyknots-1A (Fig. 2) . To quantify and generate detailed (D-x) and (D-z) plots, eleven additional intra-formational horizons were mapped through the 3D survey. To convert from TWT into metres, we used a simple power function based on the velocity surveys from wells Potoroo-1 and Gnarlyknots-1A (Fig. 2) . This depth conversion was also used to create a fault plane model, in order to translate vertical throw into fault plane displacement. We have used two techniques to study the structural evolution of the fault system through the 3D survey: [1] displacement-distance (D-x) plots and displacement backstripping. Analysis of both the Cenomanian-Santonian and post-Santonian fault system intervals employs the 'maximum throw subtraction method' (Rowan et al. 1998; Dutton and Trudgill, 2009 ). This method subtracts the maximum displacement of any given horizon in order to quantify the amount of displacement during the deposition of that horizon;
analysis documents lateral tip-line propagation and interaction, D-z plots enable the study of downward tip-line propagation and dip-linkage (Mansfield and Cartwright, 1996; Rykkelid and Fossen, 2002; Baudon and Cartwright, 2008; Jackson and Rotevatn, 2013) . 
CENOMANIAN-SATONIAN FAULTING
Cenomanian nucleation of faulting resulting from shale detachment in the late Albian interval, shows a high variability of throw along strike (between 0-6000 m), evident by maximum displacement subtraction of the top Cenomanian from the top Albian ( Fig. 4a; b) , fault segments have linked by early Turonian, evident by more homogenous displacement along strike (Fig. 4c) .
POST-SANTONIAN FAULTING
Post-Santonian nucleation of faulting also shows high variability of displacement along strike ( Fig.  4d; e) . It is unclear as to whether this is due to extensional reactivation of the CenomanianSantonian fault system or independent nucleation without D-z analysis. Fault segments have linked by the Cenozoic, evident by homogenous displacement along strike (Fig. 4f ). 
DIP-LINKAGE OF FAULT SYSTEMS
Periods of synkinematic deposition are indicated by shallow slopes on the D-z plots (Fig. 5) . In contrast, intervals of steep slope indicate periods of fault dormancy. A displacement minimum between two displacement maximums is indicative of diplinkage in extensional settings, whereby two vertically isolated fault segments become diplinked, similar to segments linking along strike through radial propagation (Mansfield and Cartwright, 1996) . The five D-z plots (Fig. 5) generally indicate a major Cenomanian-late Santonian growth interval, a period of fault dormancy through the latest Santonian, a second stage growth during the Campanian-Maastrichtian, with fault growth accelerating towards the latest Maastrichtian (Fig. 5) . Displacement-depth plots of all faults indicate a displacement minimum at either the late Santonian ( Fig. 5a; b; d) or intra-TuronianSantonian marker ( Fig. 5c ; e). 
CONCLUSIONS
We used 3D seismic reflection data from the Ceduna Sub-Basin, Great Australian Bight to describe the structural evolution of a listric fault system. High variability of displacement along strike during nucleation of both the CenomanianSantonian and post-Santonian fault systems implies growth via the 'isolated fault model' (Fig. 1a) , with radial tip-line propagation of fault segments originating from the locations of displacement maxima ( Fig. 4b; e) . Eventual linkage of fault segments in the Cenomanian-Santonian and postSantonian fault systems is observed through more homogenous displacement along strike in the Turonian-late Santonian and Cenozoic intervals respectively ( Fig. 4c; f) .
All fault segments display a displacement minimum at either the late-Santonian ( Fig. 5a; b; d) or intra Turonian-Santonian markers ( Fig. 5c; e) , which implies vertically independent nucleation of post-Santonian fault segments, with vertical propagation of the lower tip-line causing eventual breaching of the Santonian interval creating hard dip-linkage with the Cenomanian-Santonian fault segment. Given that the post-Santonian fault system mimics the lateral geometry (Fig. 3) of the underlying Cenomanian-Santonian fault system and that displacement minimums between the two fault systems are not zero (Fig. 5) , the post-Santonian fault system likely nucleated as a result of reactivation of the Cenomanian-Santonian fault system. Given that these fault systems are diplinked, this study exemplifies the need to study fault growth in three dimensions. This study adds to current knowledge of normal fault growth and implies that the 'isolated fault model' can be applied to gravity driven listric fault growth at an extensional delta top.
